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TITLE 

THT? CHARACTERIZATION OF HUP B GENE ENCODING 
mItSnE LIKE PROTEIN OF MYCOBACTERIAL TUBERCULOSIS 

APPLICANT 

1) DEPARTMENT OF BIOTECHNOLOGY, of Block 2, 7th Floor, 
CGO Complex, Lodi Road, New Delhx-llO 003; 

2) ALL INDIA INSTITUTE OF MEDICAL SCIENCES, of Ansarx 
Nagar, New Delhi-llO 029. , 



The following specification particularly describes the nature ol 
invention and the manner in which it is to be performed 




Thi.? arv eutiou rfUUes to thf" chanKlersiatJou of InipB ??aa etvccding hUloue 
Ilk? proti'tii of luycobact^runl i-uberculoria 

BACKGROUND OF THE CrVSNTION 

Numerous lechniques are in voeue lo differentiate between members of the 
MT3 complex. Several restiarchers have demQiisirateU that the use. of 
ISeiiO as a target for PGR amplification gives the best sensitivity and 
specificity in the diagnosis of tuberculosis. However when tested with 
standard mycobacterial species and strains obtained from ATCC and 
mycobacterial cultures isolated from clinical specimens, the target was 
limited in its ability to distinguish between M. tuberculosis complex from 
other mycobacteria. 

Spoligotyping based on detection of nonrepetitive spacer sequences located 
between small repetitive units in the DR locus of fte MTB complex strains, 
otiier genetic markers and biochemical tests have been used to differentiae 
between M. tuberculosis, M. bovis, M. africanum, M. microti, and M. 
canetti, (Niemann et al, 2000). Besides spoligotyping, mtp40 gene sequence 
(Liebana et aL. 1996), pncA gene pomt mutation at position 169 (Scropio & 
Zhang, 1996), polymorphism of the oxyR locus (Sreevatsan et aL. 1996), 
have been reported as useful targets for identification of the members of the 
TB complex. Ideally, the target for PGR based detection should be that it 
discriminates not only among mycobacterial species but also is able to 
distinguish between closely related members of the MTB complex. 

Although PGR techniques have been widely evaluated m the diagnosis of 
tuberculosis, the reports have generally focused on the detection of M. 
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tuberculosis. However their success has been limited to differentiatiag 
between the tuberculosis complex and non-tuberculdus mycobacteria. In the 
present study the hupB gene target has been shown to be a target which 
pennits differentiation of M. tuberculosis from M. bovis and from among 
other members of the TB complex, non-tuberculous mycobacterial and non- 
mycobacterial species tested. The assay would prove useful especially in 
developing countries with a high mcidence of infected livestock (Grange, 
2001). M. bovis has been known to spread to humans from infected cattle by 
the aerosol route or by consumption of infected diary products (Zoonotic 
tuberculosis) (Moda et al., 1996; Cosivi et 1998). Although bovine 
tuberculosis has been largely eradicated m developed countries it continues 
to occur in developing countries. The epidemiological impact of bovine 
tuberculosis on. human health has not been assessed and is a major lacuna in 
developmg countries. However with reports of tuberculosis due to M. bovis 
in AIDS patients (Bouvet et al., 1993; O'Reilly et al. 1995) and with 
increasmg incidence of tuberculosis globally, rapid and reliable diagnostic 
assays are required not only for detection but also identification of the 
pathogenic mycobacteria in clinical samples. This is essential for prompt 
diagnosis, treatment and control of tuberculosis. Here we report a PCR- 
RFLP assay that enables the precise identification of closely related 
mycobacteria belonging to the MTB complex. 

hupB gene encoding histone-like protem of Mycobacterium tuberculosis has 
been exploited as a target for detection and differentiation of M. tuberculosis 
and M. bovis. Two methods were used to identify mycobacterial constituents 
associated with human response namely the T cell blot and iramuno - 
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substraotion assays (Prabhakar et al., 1998). The 30kDa fraction of the 
mycobacterial lysate was found to mduce the highest iymphoproliferative 
index among the tuberculin reactors. In hnmuno-subtraction assays a 
prominent reactive band was similarly seen at approximately 30 kDa. 
TheSOkDaprotem was electroeluted from the SDS-PAGE gel and purified to 
homogeneity. 

Using the internal, peptide Sequence (VKP-TSVPAFRPGAQFK) a 100% 
identity was obtained with 16 ammo acids of the cosmid CY349. The 
corresponding gene was later annotated and designated as the hupB gene 
(Ry 2986c, Cole et aL, 1998). The protein was found to be localized in the 
cytoplasm and on Ac cytoplasmic surface of the mycobacterial membrane. 
The hnpB gene has been classified among the DNA binding (histone like) 
proteins of M. tuberculosis (Cole et al.. 1998). Primers were designed to 
amplify the hupB gene. A 645 bp amplicon was obtiuned in case of M. 
tuberculosis. The 

labelled PCR amplicon was used in Southern hybridization to establish 
the size, prevalence and organisation of tiie HupB gene in members of the 
MTB complex (M. tuberculosis and M. bovis) and other mycobacterial 
species. 

OBJECTS OF THE INVENTION 

An object of this invention is to characterize hupB gene encodmg histone 
like protein of mycobacterial tuberculosis. 
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Aether object of this mventioa U to characterize hupB ge«e which c«, be 
utilized to distmguish and identify the mycobacterial species belongmg to 
theMTB complex. 

Fuller object of this invention is to characterize mycobacterial gene as new 
targets for novel anti-mycobacterial chemotheraputic agents. 

BMBI DESCWFIION OF THE INVENTION 

According to this invention the size variabiUty of the hnpB gene was 
determined. A set of primers were designed to wnplily the C-teminalpart of 
fte hnpB gene. Mycobacterial DNA extracted from M. mbercnlosis and M. 
bovis were' nsed. PCR amplified product was obtained m both M. 
Sibercalosis and M. bovia. However the »«pUoon obtained in case of M. 
bovis was slightly stnriler th«, that obtained in case of M. tuberculosa. 
This difference was confined by analyzing over 50 M. tnbercnloais and M. 
bovis strains collected from diverse sources (Tablel). The DNA extracted 
from 3 standard strains and 4 clinical isolates of M. tuberculosis and 
M bovis (BCG) were included for amplification using the hupB prmiers 
(HLPmtNI and HLPmtSI, Table n). The difference m the size of ampboona 
obtMued m case of M. tuberculosis and M. bovis was vdidatedby RFLJ and 
confimedby aequenomg of fltePCR products. ThePCR products of thetwo 
mycobacteria were digested Wifl. Haeffl and Hp.ll and analysed on 12% 
non-denaturing gel. Digestion of the «45 bp product with HpaU revealed 
flia, a ~ 250 bp fragment was seen in case of M. bovis compared to the band 
of - 280 bp size obtataed in case of M. tuberculosis. (Fig.3). Analysmg the 
sequence of the PCR products showed that in M. bovis there was a deletion 
of 27 bp corresponding to 9 ammo acids. (Fig.2). As aresuKof this deletion 
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the PGR afflplicoii obtained in case of M. bovis was 618 bp, 27 bp smaller 
than the PCR product obtained in case of M. tuberculosis (645 bp). 
In the present study the hupB gene target has been shown to be one such 
target which permits differentiation of M. tuberculosis from M. bovis and 
from among other members of the TB complex^ mycobacterial and non- 
mycobacterial species tested. The assay would prove useful especially in 
developing countries with a high incidence of infected livestock (Grange, 
2001).. M. bovis has been known to spread to humans froin infected cattle by 
aerosol or by consumption of infected diary products (Zoonotic tuberculosis) 
(Moda et al., 1996; Cosivi et al., 1998). Although bovine tuberculosis has 
been largely eradicated m developed countries it contmues to occur m 
developing countries. The epidemiological impact of bovine tuberculosis on 
human health has not been assessed and is a major lacuna in developmg 
countries. 

Fig. : 1 Specificity analysis of hupBMthsed PCR assay 
Amplification products were electrophoresed on agarose gels. Their 
ethidium bromide staining (Panel A & Panel B) and hybridization profiles 
have been shown in Panel A' & Panel B' respectively. The 645 bp product 
has been indicated. Panels A & A*; Lanes 1 M. tuberculosis H37 Rv; 2, M. 
tuberculosis H37R4^ 3, M.bovis BCG; 4, M. microti; 5, M. xenopi; 6, 
M.fortuitum; 7, M. phlei; 8, M.gordonae; 9, M.vaccae; 10, M. kansasii; 11, 
100 bp Marker; 12, M. uitracellulare; 13, M. avium; 14, M. scrofulaceum; 
15, M. smegmatis; 16, M. tuberculosis P8497; 17, M. tuberculosis C1084; 
18, M. tuberculosis 779634; 19, M. chelonei; 20, M. tuberculosis P8473; 21, 
M. gastri. 
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Panel B & B' Lanes 1. M. tuberculosis 1207; 2, E. coli; 3, N.asteroids; 4, S. 
aureus; 5. P. aeruginosa; 6, S. faecalis; 7. S. aureus; 8. A. niger; 9, A. 
furaigatus; 10. C. albicans; 11. 100 bp marker; 12, M. tuberculosis Erdraan; 
13. K. pneumoniae; 14, M. leprae; 15, M. africanum; 16, Negative control. 
Hybridisation in panels B & B' was carried out with 645 bp fragment (Pstl 
& Ncol digest from the plasmid pHLPMT). 

Fig.2: Sensitivity of detection of M. tuberculosis DNA by hnpB based PGR 
^say. 

Amplification reactions, were performed with serial dilutions of M. 
tuberculosis DNA (Ing to Ifg). The ethidium bromide and hybridization 
patterns are seen in panels A and B respectively. The 645 bp product has 
been indicated. Lanes 1, Ing; 2, 500pg; 3. 50 pg; 4. 5pg; 5, Ipg; 6, 500fg; 
7,100fg; 8,50fg; 9,10fg; 10,5fg; 11, 2fg; 12, Ifg; 13, Negative control; 14, 
positive control (M. tuberculosis); M. X DNA HindlH digest. The detection 
Ihnit was 50 pg by ethidhim bromide stainmg and 500 fg for hybridization. 

Fig.3: RFLP analysis of the 645 318bp PGR products. 
Panel A depicts schematic representation of the position of the primers in 
the hupB sequence, which were used in order to obtain the 645 bp and 318 
bp PGR products. Ethidium bromide staining for 645 bp (Panel B) and 318 
bp (Panel C) amplification products are shown. Lanes 1, M. tuberculosis 
H37Rv; 2, M. tuberculosis H37Ra; 3, M. tuberculosis Erdman; 4, M. bovis 
AN5; 5. M. bovis BCG (Japan); 6, M. bovis BCG (Copenhagen); 7, M. 
bovis IC 378; 8, M. bovis IC 379; 9, M. bovis IC 380; 10. M. bovis IC 381; 
11, M. bovis IC 382; 12, PGR molecular weight marker. Panel D, RFLP 
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poly-acrylamide gel analysis of 645 bp ampiicon digested with Hpall (laties 
1-3) and Haelll (lanes 6-9): Lane 1, M. tuberculosis H37Rv; 2, M. 
tuberculosis H37Ra; 3, M, bovis BCG; 4, Negative control; 5, 100 bp 
Molecular weight marker; 6, M. tuberculosis H37Rv; 7. M. tuberculosis 
H37Ra; 8, M. bovis BCG; 9, M bovis AN5. 

Fig.4: Nucleotide sequence alignment of hupB gene of M. tuberculosis and 
M.bovis ' 

The nucleotide sequence of the C-terminal region (326-676 bp) of hupB 
gene of standard strains of M. tuberculosis and M. bovis and clinical isolates 
of M. bovis has been aligned using GCG software. A deletion of 27 bp was 
seen in hupB sequence of all M. bovis strains. The 9 deleted amino acids 
(KAATKAPAR) between 385 to 411bp with respect to M. tuberculosis are 
shown in single letter code on the first Ime. Numbers in brackets refer to 
nucleotide position in hupB (Rv2986c). The M.bovis strain numbers are 
given on the left. 
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Table 1: Mycobacterial and Non-mycobacterial Species and Strains 



the PGR Assay 




species : 

Mtubercuioais 
(Human isolates) 


H37RV, H37Ra, Ei-dmaii, P8473, P8497, 
C1207, ei084,779634, 1CC107, ICC120, 
ICC22, ICC238, ICC136, ICC37, ICC247, 
ICC16, ICC235. ICC145, ICC06, ICCU, 
TCCSS. ICC95, 7. CSU-27. CSU-20 


Mbovis (Cattle Isolates) 


fU, AN5, IC378, IC379, IC380, 
IC382, ICC388, ICC391, 117, 126, 73, 130 
CLl, CL3, CIA, CL8, CLIO, CL33, CL42, 
Japaneae'& Copenhagen" 


Humm Isolates . 


6,47,85» 


M. canetti 
M. africanum 
M. microti 
M. gastn 
M. chelonae . 


116 
81543 

OV254,T14,N5 
TMC1456 

TMC191 J31 1 
1ND123 

NCTC8562,ICC192 
TMC1302,lSr25,N8 
TMC1302,MAC29 
TMC1324 

5J32, ICC420, ICC419, ICC417, ICC416 
ATCC27204, tEl222» N18 
ND124,N14 
1201 

Tissue Biopsfsr 

IN7 __— 


M. vaccae 
M. avium 
M. intracelluiare 
M. scrofiilaceum 
M. gordonae 
M. fortiiitum 
M. smegmatis 
3Vt phlei 
M-Kansasii 
M. leprae 


M, simae ^ — 

Corynebacterimn diphtheriae 
Streptococcus p-haemolyticus 
Stapfaylococcus aureus 
Pseudomonas aeruginosa 
Klebsiella pneumoniae 
Nocardia asteriodes 
Aspergillus fijmigetus 
Aspergillus niger 
Candida albicans 

Escherichia coli 


Clinical isolate 
Clinical isolate 
Clinical isolate 
Clinical isolate 
Clinical isolate 
MrCC274 
Soil isolate 
Soil isolate 
Clinical isolate 

BL21 (DE3^ 1 
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Table II 



Primers Used for Amplificatioti of hupB 
Mycobacterial DNA Target 

1) HLPmtKI (5' ggagggttgggatgaacaaagcag 3') 

2) HLPmtSI (5* gtatccgtgtgtcttgacctatttg 3*) 

(The expected size of the ampUcon was-r-645 bp.) 



Dated this 16 th day of DECEMBER 2002. 




of L S DAVAR & CO., 
Applicants' Agent 



9 



^ ? R fAM 2C03 

FO R M -2 

THE PATENTS ACT, 19T0 

( 39 of 1970 ) 

=PROWWMW«./C0MP LETE 

SPECIFICATION 
SECTION 10 



APPUCANT . 

2) fmiA^IKSIITUTE OF MEDICAL SCIENCES, of 
Ansari Nagar, New Delhi-llO 029. 



Th. foUowiag spedfioatio- patticularl, describes the 

invention and th. manner in which it is to be petfonned 



IJELH OF THE INVSNTION 

This invention relates to the characterization of hupB gene encoding histone 
like protein of Mycobactermm tuberculosis. 

BACKOROUND OF THE INVENTION 

Nufflsrous techniques are in vogue to differentiate between members of the 
MTB complex. Several researchers have demonstrated that the use QflSdilO 
as a target for PCS amplification gives the best sensitivity and specificity m 
the diagnosis of tuberculosis. However when tested with standard 
mycobacterial species and strains obtained from ATCC and mycobacterial 
cultures isolated from clinical specimens, the target was limited in its ability 
to distinguish between M. hibarculosis complex from other mycobacteria. 
Spoligotyping based detection of non-repetitive spacer sequences located 
between small repetitive units in the DR locus of the MTB complex strains, 
other genetic markers and biochemical tests have been used to differentiate 
beUveen M. tuberculosis, M. bovis, M. africanum, M. microti, and M. 
canm, (Niemann et al., 2000). Besides spoligotyping, mtp40 gene sequence 
(Liebana et al., 1996), pncA gene point mutation at position 169 (Scropio & 
Zhmig, 1996), polymorphism of the oxyR locus (Sreevatsaa et al., 1996), 
have been reported as useful targets for identification of the members of the 
TB complex. 

Ideally, the target for PCR based detection should be that it discriminates not 
only among mycobacterial species but also is able to distinguish between 
closely related members of the MTB complex. 



A14ou«h PCR techniques have bee» widely evaluated i» the diagaosia of 
mbercJlosis. the reports have generally focused on the detection of M. 

Merculosi.. However their success has been limited to differentiatins 
between the tuberculosis complex mi non-SAsrculous mycobacteria. 

Here we report a PCR assay that enables the precise identification of closely 
related mycobacteria belonging, to the MTB complex. hupB gene encodmg 
histone-like protein of M. tuberculosis has been exploited as a target for 
detection and differentiation of M. tuberculosis «.d M. bovis. The hupB 
gene target not only permits differentiation of M. tuberculosis frota M. 
boyis. but also from among other members of the MTB complex, non- 
tnberculons mycobacteria as well as non-mycobaoterial species tested. The 
assay would prove useftl especial^ in developing countries with a high 
incidence of infected livestock (Grange. 2001). U. bo.is has been known 
to spread to hum«ia from infected cattle by the aerosol route or by 
consnmption of infected diary products (Zoonotic tuberculosis) (Moda et aW 
1996- Cosivi et al.. 1998). Although bovine tuberculosis has been largely 
eradicated m developed countries it continues to occur in developmg 
countries. The epidemiological impact of bovine tuberculosis on human 
health has not been assessed and is a major lacuna in developing countr.es. 
However with reports of tuberculosis due to M. bo.is m AIDS pattents 
(Bouvet et al., 1993; O'Reilly e. al., 1995) and with tacreasmg tacidence of 
htberculosis globally, rapid and reliable diagnostic assays are required not 
only for detection but also identification of the pathogenic mycobactena m 
clinical samples. This is essential for prompt diagnosis, t«atment and 
controi of tubercuiQsis. 
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Immuiiogenecity of HupB protein: Two methods were used to identify 
mycobacterial constituents associated vvitii human response namely the T 
cell blot and inimuno - subtraction assays (Prabhakar et al.. 1998). The 
30kDa fraction of the mycobacterial lysate was found to induce the highest 
lymphoproliferirtive index among the tuberculin reactors. In immuno- 
subtractive assays a prominent reactive band was similarly seen at 
approximately 30 kDa. The30k]da protein was electro-eluted from the SDS- 
PAGE gel and purified to homogeneity. 

Using the internal peptide sequence (VKPTSVPAFRPGAQFK) a 100% 
identity was obtained with 16 mnmo acids of the cosmid CY349. The 
correspondmg gene was later annotated and designated as the hupB geue 
(Rv 2986c, Cole et al., 1998). The protein was found to be localized m the 
cytoplasm and on the cytoplasmic surface of the mycobacterial membrane, 
by immuno-gold electron microscopy. The hupB gene has been classified 
among the DNA bindmg (histone like) proteins of M. tuberculosis (Cole et 
aL, 1998). Primers were designed to anplify the. hupB gene, A 645 bp 
amplicon was obtained in case of M. tuberculosis. The a'^P labeled PCR 
ampiicon was used in Southern hybridization to establish the size, 
prevalence and oi^ganization of the hupE gene in members of the MTB 
complex ( M. tuberculosis and M. bovis) and other mycobacterial species. 

OBJSCTS 05 THB INVSimON 

An object of this invention is to characterize hupB gene encoding histone 
like protein of M. tuberculosis. 
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The another object of this invention is to characterize hupB gene which can 
be utilized to distinguish and identify the mycobacterial species belonging to 
the MTB complex. 

Further object of this invention is to characterize mycobacterial gene as new 
targets for novel anti-mycobacterial cheraotheraputic agents. 

SUMIiaAKY OF THE INVENTION 

According to this invention there is provided means for identification of 
hupB gene encoding histone like protein a target for detection M. 
tuberculosis and M. bovis. 

Further there is provided a process for differentiating of the kupB gene of 
M.tuberculosis and M bovis. 

DESCRIPTION OF THE INVENTION 

The size variabUity of the hupB gene was determined using 3 sets of 
primers (Fig: l*TableII): 

1) ImpB gene target DNA Primers N (5' gg^ggttgggatgaacaaagoag 3') 
and S (5' gtatoogtgtgtcttgacctatttg 3') were used to amplify hupB 
gene sequences. The expected size of the amplicon was 645bp in case 
of M. tuberculosis, and 618 bp in case of M. bovis respectively.. 

2) The C- terminal portion of the gene: was also amplified by using ; 
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(i) internal primer M (5' gcagccaagaaggtagcgaa 3') widi S (5' 
StafccgtstStcttgacctattts 3*), the 'i^xpected amplicon wag - 318 bp, ( Figd), 

The expected size of the amplicon was 318 bp in case of A-/. 
tuberculosis, and 291 bp in case ofM. bovis respectively. 

(ii) using primers F (5* ccaagaaggcgacaaagg3 ') with R (5* 
gacagctttcttggcggg3'j: The expected size of the. amplicon was 
115 bp in case of M, tuberculosis, and 89 bp in case of M, 
bovis respectively. 

Mycobacterial DKA extracted from M. tuberculosis and M. bovis were 
used. PGR amplified product was obtained in both M. tuberculosis and M. 
bovis. However the amplicon obtained in case of M. bovis was slightly 
smaller than that obtained in case of M. tuberculosis. This difference was 
confirmed by analyzing over 50 M. tuberculosis and M. bovis strains 
collected from diverse sources ( Table I ). The DNA extracted from 3 
standard strams and 4 clmical isolates of M. tuberculosis and M. bovis 
(BCG) were included for amplification using the hupB primers (N and S , / 
M and S, Table II ). The difference in the size of amplicons obtained m case 
of M. tuberculosis and M. bovis was validated by RFLP ( Fig: 4D ) and 
confirmed by sequencing of tiie PGR products, ( Fig: 5 ). The PGR products 
of the two mycobacteria were digested with Haetll and Hpall and analyzed 
on 12% non-denaturing gel. Digestion of the 645 bp product with Hpall 
revealed that a ~ 250 bp fragment was seen in case of M. bovis compared to 
the band of - 280 bp size obtained in case of M. tuberculosis, ( Fig: 4D ). 

Analyzing the sequence ofthe PCR products showed that in M. bovis there 




was a deletion of 27 bp corresponding to 9 amino acids, ( Fig: 5 ). As a 
result of this ueletion the PCR atnpiicon obtained m case of M. bixm was 
618 bp, 27 bp smaller thaii the PCR product obtained in case of M. 
tuberculosis (645 bp), ( Fig: 4 B.C ). 

Results, obtained with the ampiicon generated in the C - terminal portion of 
the gsne using M and S primers on digestion with Hpall, showed 
differences matching to tiie differences seen in case of the PCR product 
obtained using the kupB primers ( N and S ) indicating that the PCR-RFLP 
assay utilizing either the PCR product obtained using the hupB primers ( N 
and S ) / the C terminal primers ( M mi 5 ) did distinguish between M. 
tuberculosis and M bovis. 

The utility of the kupB gene as a target in diagnosis and identification 
pathogenic mycobacteria in bovine tuberculosis has been demonstrated, ( 
Table IV -VII ). The sensitivity and specificity of the assay showed 
remarkable improvement with tiie adoption of the nested PCR technique in 
clinical samples, targeting the C-terminal part of the hupB gene, ( Fig: 6 ) 
and (Table VI- VIII ). 
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EXAMPLES 



Bacterial strains: The mycobacterial strains as well as n on -mycobacterial 
strains used in the study have been listed m Table I. In aU 80 mycobacterial 
strains were inclnded m the study besides 10 non-mycobacterial species. Of 
the 80 mycobacterial isolates inclnded 55 were members of the MTB 
complex, ( M. tuberculosis - 25, K bovis - 25. M. microti-^ and 1 each of 
M. africamm and M canem). T^e details of the M. bovis strams incbded 
are as foUows: 7 from infected cattle housed in the Central Militaty 
Veterinary Laborato^r, Meenit, India, 9 from National Mycobacterial 
Repository, JALMA, Agra India, 2 each from Netherlands and Argentma 
and 3 human isolates from the Netherlands (Dr8.J.D.A. van Embden and 
D.van Soolmgen). 



Processing of badDi for apadfidty ana]|yih 

AM the mycobacterial and non-mycobacterial strains grown on solid media 
(LJ slants all mycobacterial species), LB agar (E. coH) nutrient qgar 
(Aspergilus niger, Nocardia asteriodes, Pseudomonas aemoginosa, 
Klebsiella pneumoniae) or blood i^ar (Corynebacterium dipkOieriae, 
Streptococcus pneumoniae) were scraped with the help of sterile toothpicks 
and re-snspended in sterile distiUed water containing 0.1% Triton X-100. 
Re-suspended bacilli were boUed at lOO'C for 20 minutes and an aliquot 
(2fil) was used for PGR. 
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PGR Analysis: 

1) 23S rDNA target: Primers: C*(5' gtgagcgacgggatttgcctat 3') and 
L*(S' accacccaaaaccggatcgat 3') were used to detect the presence of 
DNA from organisms belonging to genus Mycobacterium. The 
expected size of the amplicon was 174bp (Verma et aL» 1994; 
Dasgupta et al., 1998). 

2) hupB DNA target : Primers N (5* ggagggttgggatgaacaaagcag 3*) and 
S (5' gtatccgtgtgtcttgacctatttg 3') were used to amplify hupB gene 
sequences. The expected size of the amplicon was H$4d bp ( Table II» 
Fig:l). 

Each reaction (20^1) contained 1.5 mM MgCl^, 0.5 }iM of primers, 200 jiM 
dNTPs; 10 mM Tris-HCl (pH 8.8 at 25<'C), 50 mM KCI, 0.08% Nonidet B40, 
and 0.5 Units of Taq DNA Polymerase. The PGR reaction was subjected to 
initial denaturation at 94**C for 10 mm., and 35 cycles of each of 1 min at 
94''C, 1 min., at eS^'C and 1 min at 72**C followed by fmal extension at 72^C 
for 30 mins. The products were analyzed on a 1.2 % agarose gel and stained 
with ethidhim bromide. 

The C-termiuai portion of the gene was amplified by using M (5* 
gcagccangaqggtagcgaa 3') with S (5' gtatccgtgtgtcttgacctatttg 3*)» the 
expected amplicon was ~ 318 bp. 

Nested PGR: The target DNA used in nested PCR was the PCR product 
obtained using the primers N and S. The target area of the C terminal part of 
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the hupB gene was amplified by using F (5* ccaagaaggcgacaaagg3*) with R 
(5* gacagctttcttggcgggS'), the expected amplicon was ii6 bp in case of 
M. tuberculosis and 89 bp in case of M. bovis, ( Table II. Fig;l ). 

Each reaction (40^1) contained 2.5 mM MgCfj, 0.5 jiM of primers. 200 |iM 
dNTPs. 10 mM Tris-HCI (pH (8.8 at 2S'C), 50 mM KCI. 0.08% Nonidet 
P40, and 0.5 IJnits of Taq DNA Polymerase. The PGR reaction was 
subjected to initial denaturation at 95"C for 10 min., and 35 cycles of 1 m in 
at 94*C, 1 min.. and 30 seconds at 59*C and fmal extension at 72*C for 7 
mins. The products were analyzed on a 3.5 % agarose gel / 8 % non- 
reducing polyacrylamide gel and stained with ethidhim bromide. 

Southern Hybridization: The PGR ampticons resolved on the agarose gel 
were transferred on to nitro-cellulose membrane (Southern. 1975). The bloti 
were then hybridized with o-«P labeled 645 bp hupB gene probe from M. 

tuberculosis. 

Restrictioii Fragment Lmgth Po^orpiiinii: 

hupB amplified sequences were digested with Hpall and HaelH restriction 
enzyme and the products were analyzed on a 12% non -denaturing 
polyacrly amide gel The gel was strained with ethidium bromide and DNA 
fragments were visualized under ultraviolet light. 
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DNA Sequendng Anafysis: The PCR products were sequenced by the 
Sanger's dideoxy chain termination method ( Sanger et aL, 1977 ) using 
Sequenase Ver 2.0 sequencing kit, a^' SdATP and forwardA-everse universal 
M13 primers or internal primers of hupB, according to the manufacturer's 
mstmctions. The DNA template was alkali denatured and annealed to the 
primers at -70'C for 1 hour. The GC rich mycobacterial DNA was mixed 
with 0.5 Jig of single strand binding protein prior to labeling. The protem 
was digested with protemase K 0.1 |ig at 68'C for 20 mms., following 
termination of the labeling reaction. The reactions were electrophoresed on a 
6% urea -polyaciylamide gel in IX TBE at 70 W for a suitable time period. 
The gel was fixed with acetic acid (10%) and methanol (30%) dried and 
autoradiogrq)hed. The PCR products obtained in standard strains and 
isolates were also sequenced commercially by Microsynth, Switzerland. 

The spedfidty of the PCR assay: DNA from 16 mycobacterial and 10 non- 
mycobacterial species were used as target to establish the specificity of the 
PCR assay, (Table 1). The DNA extracted from 3 standard strains and 4 
clmical isolates of M. tubercuhsis and M. bovis (BCG) were mdnded for 
amplification using the hupB primers ( N and S, Table II, Fig: 1 ). Oniy^ in 
case of M. tuberculosis H37Rv, H37Ra, Af. bovis BCG and 5 clmical 
isolates of M. tuberculosis (lanes:!. 2,3,16.17.18 and 20. in Fig:2A and 
lanes 1 and 12 m Fig.2B) the expected 645 bp product was obtamed. No 
amplification was seen with M. microti^ M. afiicanum of the MTB complex, 
M leprae^ MAIS complex and other mycobacterial species (r^id and slow 
growers) including Corynebacterium diphtheriae and Nocardia asteriodes 
that together make the CNM group. Amplification was also not seen in odier 
non-mycobacterial species ( Fig:2B ). The aothenticity of the amplified 
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product was confirmed by hybridization with labeled 645 bp fragment 
(released by Pstt and Ncol digestion from plasmid pHLPMT containing 
hupB gene of M. tuberculosis) ( Fig: 2A' and B' ). This confinned that no 
other amplffication was obtained with any other template DNA that conld 
have been missed by ethidiom bromide staining atone. Thus the 5' and 3' 
primers of hupB are specific forM. tuberculosis and M. bovis. 

( 

Sensitivity of lu^B gene iMiaed PGR aaaay: The sensitivily of DNA PGR 
amplification (level of detection) was estabUshed by adding serial dilutions 
of mycobacterial DNA (1 ng to 1 fg) in the PGR reaction using primers N 
and S. It was seen that by ethidium bromide stammg alone the detection 
limit was 50 pg and by hybridization the detecHon Ihnit mcreased to 500 fg ( 
Fig: 3A and B ). This was eqoivalent to the detection of 5000 and 50 
genome equivalents respectively. 

RFLP of PGR Amploona of laq,B gene derived from M, iMhtreukuk 

nod M bwis: DNA from different isolates of M. tuberculosis and M, 
bovis (listed m Table I) were amplTied using (i) N and S primers («45 bp 
product, Table II ) and (ii) M (mtemal primer) and S ( 318 bp product, Fig: 
4C. Table U, Fig: 1 ). PGR amplicons obtamed from the DNA of AT. bovis 
strains ( lanes 4-11. Fig: 4B and 4C ) were smaUer m size as compared to the 
PGR amplicons obtained from the M. tuberculosis strains (lanes 1-3, 
Fig:4B and 4C). The results of the PGR assiqr with the 2 sets of primers have 
been summarized in Table HI. The 645 and 318 bp ampUcons were obtamed 
in all tested strams except in case of 4 M. bovis isolates obtained from tiie 
Netherlands. In these isolates 645 bp product was not obtained however the 
318 bp was detected. 
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In order to confirm the difference in PCR product sizes, the ampHcons were 
digested . with Hpall and Haettl (Fig.:4D). The digested products were 
analysed on 12% non-denaturation pofyacrylamide geL Digestion of 645 bp 
product with Hpall clearfy revealed Uiat m case of M. bovis a '^250 bp (Fig: 
4D, lane 3) product obtamed was smaller in size compared to the ~280 bp 
bands obtained with M. tuberculosis H37Ra & H37Rv ( Fig! 4D, lanes 1 
and 2). No differences were perceived with HaelU digestion, ( Fig: 4D, lanes 
..S-8 ). Results, obtained with the amplicon (318 bp) generated in the C - 
terminal portion of the gene nsmg M and S primers on digestion witii Hpall^ 
showed similar differences (results not shown) mdicating that the FCR- 
RFLP assay did distmguish between M. tuberculosis and bovis strains. 

Seqaendng of . PCR Amfdlffed Product: PCR ampUcons obtamed from 
DNA of standard strains of M. bovis and M. tuberculosis including local 
isolates of M. bovis derived from cattle were sequenced. Sequence analysis 
indicated that m M. bovis there was a deletion of 27 bp (9 ammo acids) in 
frame after 12S^ codon in the C terminal part of the gene ( Fig: 5 ). The 
histone like gene sequence of M. bovis has been submitted to the.NCBI 
database (Accession No.Y18421). 
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FIGURE LEGENDS: 

Flfl.l Po.Won ofthe A«pB gene .„d Prllnm u«d f genmle PCR 
product*. 

P.n.l A: The posWon ef the primeis mmetwpB sequence, which we» 
used In oitiertooblain the PCR p«>ductsh«« been depicted. Prtnerpate 
N & S specific ibrthe hupB gene; Internal pifmerM & s speclllc for (he C 
temiinal pait ofthe hupB gene . 

( 

Panel B, C and D : The ethldlum bromide stalled amplfflcaHonpioducte of 
M. tubewutosis and M AoW« geneiated ushg primerpairs N & 8 (Panels 
). M & S ( Panel C ) and F & r (Panel D) were electrophoiesed on 
poVaciylamide gels. The 646 and 618 bp ( Panel B ); 318 and 291 bp ( 
Panel C ); 116 and 89 bp ( Panel 0 ); products have been hdlcated . 
Lanes 1 & 4. 645 bp. e & i o. 31 s bp . and 1 3. 11 6 bp of the offiupB gene / 
C temirial part of the gene amplfication product obtained in M. Muucutosis 
H37RV : lanes 2 & 5. 61 8 bp of AtfpB gene. 7 & 9. 291 bp and 1 1 . 1 2.1 5-1 7. 
89 bp ofthe tiupB gene / C temiihal part ofthe gene amplMcallon product 
obtaiied in Mbov& AN5 : 3. 8 & 14. 100 bp molecularwelght markem. 

« 

Fig: 2 Speelfieity analyaie of AupSMbated PCR assay 

AmpfiflcaBon products were electophoresed on agarose gels. Thefr 
elhldlum bromide stalling (Panel A & Panel B) and hybrtdbatlon prolllas 
have been shown in Panel A' & Panel 8- respectively. The 645 bp product 
has been hdlcated. Panels A & A'; Lanes 1 H tubemu/oais H37 Rv • 2. 
M. tubenfutoste H37Ra ; 3, M. bovis BCG .-4. M mioioti ; 5. Af. xenopi] 6. 
M. Ibttunum.J. M.pMBi:3, M. gontonae-.S, M. vaceae ; 10. Af. kanaaaW, 
11.100bpHten»r;l2.Af. «i<lwce//tf/ero;l3.Af.avwm;i4.Af. 
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seioni/aceum : 15. M. smegmatls ; 16. M. tubweuiosis P8497 : 17. /If. 
tubeicutosis CI 084 . 1 8. M. tube/Gutosis. 779634 ; 1 9, Af. chetonw : 20, M. 
tubefoutosis P8473 ; 2 1 . M gs^. 

Panel B & B' Lanes i,M.tubefcuf08is 1207; 2, £ co//,3, ML asts/okles:4, 
S. auf9U9 ; 5. P. aemgfnosa : 6. 5. «eca/Sf9 : 7. 5. aumus',9, A. niger.s. 
A tamlgatua ; 10. C. att>teans Ml. 100 bp maiker ; 12, M tuboieutoa/s 
Erdman ; 13. K. pneumoniae ; 14. Mi fepme ; 15, M. amcanum ; 16. 
Negative contiol. Hybridisation In panels B & B' was canled out will 645 
bp ftagment (Psfl & Afeol digest ftom Ihe plasmid pHLPMT ) . 



Fig: 3 S«n»ltl¥ity of detection of Af . tubamuloaia ONA by AupB baood PGR 
ataay. 

Ampiillcafion reactions weie perTormed wlh serial dilutions of M. 
tubetculoals DMA ( Ing to 1 fg ). The ethldlum biomlde and hybrfdisaflon 
patterns are seen in panels A and B respecCi/ely. The 645 bp product has 
been indicated. Lanes 1, 1 ng ; 2, SOOpg ; 3, SO pg ; 4, 5pg ; S. 1 pg ; 6. 
500 fig ; 7. 100 : 8, 50 I5g ; 9. 10 nj ; 10, 5 ; 11. 2 lig ; 12. 1 10 ; 13. 
Negative control ; 14, positive control (Af. tubercutoala) ; M, A ONA HlndHl 
digest The detection Imltwas 50 pg by ethldlum bromide staining and 500 
fg for hybridisation. 

Fig: 4 RFLP anaiyale of the 649 and 318bp PCRproduota. 

Pan el A depicts the schematic repnesentatlon ofttie position of the primers 
in the AupB sequence, which were used In ofderto obtain the 645 bp and 
3iabp PGR products. Ethldium bromide stehlng far 645 bp 0>analB)and 
318 bp (Panel C) ampiiflcallon products are shown. Lanes 1, ML 
tubeicutosis H37Rv : 2. Af. tubeicuiosis H37Ra ; 3. Af. tubeicufosis 
Erdman : 4. AT. Aovfs AN5 ; 5. M. bovis BCQ (Japan) ; 6. Af. bovis BCG ( 
Copenhagen) : 7. Af. bovis IC 378 : 8. Af. bovis IC 379: 9. Af. bovis iC 380 ; 
10, AT. bovis IC 381 : 11, Af. bovis IC 382 ; 12. PGR moiecuiar weight 
mariter. Panel D. RFLP poly- acrylamide gel analysis of 645 bp ampHcon 
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digested with Hpail (lanes 1- 3) and HaBlU Qmm* 6^) : Lan« 1, JUL 
tubofcutosis H37RV ; 2. M. tubentu/osis H37Ra : 3. M 6ow« BCG : 4. 
Negadv© control; g. 100 bp Molecular weight msrksr ; e. M. tubsrcviosis 
H37Rv; 7. A*, tubeicutosls H37Ra: 8, AT /»ov/s BCG; 9,Mbovia AN5. 



:5 Nucleotide sequence alignment of /lupfl gene of /lf.tol>«icii/o»/« and 

M . bovis: 

The nucleotide sequence o^ihe C-temiinal region (326-676 bp) of At/pS 
gonis of standard strains of M. tubeicu/osis and M. bovis and cliiical 
isolates ofM. DoW^ has t>een aligned usingGCGsoftMai«.Adelelionof27 
bp was seen In hupB sequence of ail M. bov/a sirains. The 9 deleted amino 
acids (KAATKAPAR) between 385 to 411l)p wHh respect to M. 
tubeicutosis are shown in single letter code on the first Hie. Numbere in 
bracltets refer to nucleotide position in hupB(Rv298ee).-n\9M.baifisMn 
numbers are given on the left 

e Nested PCRProllteor M. wbenuiosis 9na M. tovis 
Standard and Cattle derived Isolates : 

The nested PGR amplfled products of the mycobacterial stains were 

eiecfrophoresed on native 8% po^aciylamlde gel, shown ki Lanes t 

negative control; 2 molecular maikers; 3 M. tubemutaafs (^i37Ry^ 3 

Cattle isolate idenflfled as M. tubemuioaia\ 4 Cattle Isolate identMed as M 

boviSiM. AoW«<ICC380):and9Ar. futaRwib9/!9(JALIUA.Aoni. Isolflto). 
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Yable I: Mycobacterial and Non-mycobacteriai Species and Strains used 





Strain No. 


Source 


(Human isoiates) 


M^7B\# U^TDb CrHmorft DQjAV'S 00^07 

no/ r\v, no/r\a, crunian, Po4fO, Kwar, 
CI 207. CI 084. 779634. ICC107. iCC120. 
ICC22, ICC238, ICC136, iCC37, ICC247, 
ICC16, ICC235. ICC145 . ICC06 , ICC1 1, 
iCC85 , ICC95, CSU-1 7 ,CSU-27 ,CSU-20 


ajD.c,a..g 
n 


M. bovis (Cattle Isolates) 


T1 1. AN6. IC378 . IC379 . IC380. IC381. 
IC382. ICC388 . ICC391 , 1 1 7 .126 ,73.130 
. CL1. CL3 . CU . CL8 . CLIO , CL33 . 
CL42 . Japanese* & Copenhaaen* 




Human isolates 

M. afticanum 
M. mtetau 
M. gasM 
M. chelonae 
M. vacoae 

iWim OYiUfit 

M intracethtlate 
M. scrofulaceum 
M. gontonae 
M. foituitum 
M. smagmaUs 
M.pfifei 
M. Kansasii 
M. lepme 
M. simae 


6,47,85. 
116 

81543 

ON/254, T14,N5 
TMC1456 
TMC191,J31 
IND123 

TMC1302,N25,N8 
TMC1302.MAC29 
TMC1324 

5J32. ICC420, ICC419, ICC417. ICC416 
ATCC27204. LR222. N18 
ND124.N14 
1201 

Tissue Biopsy 
IN7 


0 

o 

b 
b 
b 
a 
d 
d 
d 

8.dJi 

b.d 

b 

c 

d 

d 


Cofynettacterium dlptittwriae 
Streptococcus fi- hawnoij^cus 
SfapAy/ococciis auimis 
Pselu<iomonas ewugttosa 
Klel)sieifa pneunwniae 
i^tocafdia asteriodes 
Aspergillus nimigatus 
Aspetgiltus niger 
Candida albicans 
Escheiichia coti 


Clinical isolate 
Clinical isolate 
Clinical isolate 
cnnical isolate 
Clinical isolate 
MTCC274 
Soil isolate 
Soil isolate 
Clinical isolate 
DHStt. BL21 (DE3) 


h 
h 
h 
h 
h 

■ 
1 
• 

J 
j 
k 
m 



:h6nnai. indsc d« V.M. Katoch. JALMA, Agra, inda; Y.M. Y&tes. Public He^ L^oratory. Otiwicn Hospital. Usndon. 
IK; f- P. Draper. NIMR. Mil Hiit« Lcndon. UK; g* Kafchlaan Eisenach. UrwarsHy of Arkanasa. USA; h- Dept. of 
1icrobiologyAIM8, Umt Dalhi, India; W Microbiological Typa Cuttura CollactiQn, IMTECH. Chandigarh. Inda; ShMojmar. 
tfina Unr/arsiiy. Channai. India; k- ZU. Khan. V.P. Ghost Insiituts, Delhi. Ind'n; I- Jack Crawfbrt CDC. Atlanta. GA. USA; 
n-QBCO BRL, USA; n^uman Laal. VA Msdcal Center. NY U. School of Medicine. New York, USA; ©• JJ3 A. van 
Emkjden. NGthsrlonds; p-Certral Military Vetarinajy Laboratory . Maani. Inda; Dept. of Peedtatrice. MIM8, New OetN. 
-idia; n Hunan vaccine strain; Numbers in bold - human isoiatos. 
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ab!e III Primers Used for Amplification of bupB Mycobacterial DNA Target 



mer 
air 



Sequence of Primer 



<5' 



icaaagcag 3') 



(5* gcagccaagaaggtagcgaa 3) 
<S' gtatccglgigtcttgacctatttg 3'X 

(5* ccaagaaggcgacaaaggd') 
(5' gacagctttcttogcgggS). 



Target 
hup B 
lene 

Whole 
gene 



Mycobacteria 



M. Wbmcutoafa 



Cteimhal 



Ctermhai 



M. biMs 


61 8 bp 


M. tubeicu/osls 


318bp 


M.toovfs 
M. tubetcutosis 


291 bp 
116 bp 




89 bp 



PCR 

Product 
Size 

645 bp 
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Table HI: Representative results of hupB PCR Assay with 
Strains of M,iiMberouto3is and M. Bovis 



Species 


Strain 


Source 


646/318 bp 


M.1ub&c'ulosls 


H37RV 
H37Ra 
Erdman 

779634 
P8473 
P8497 
CI 207 
C1084 


ATCC" 

a m 
m u 

Human isolate ^ 

a a 
■ « 
a a 
a a 


+/+ 
+/+ 




AN5 
IC378 
10379 
iC380 
IC381 
10382 

117 

4 Oft 

73 
130 
6 
47 
85 


OaWe teoiale ^ 

Cattle isoiate (Aigenlina)' 

Cattle Isidate 

(Netheilandsy' 
■ ■ 

Human isolate * 

m m 
m m 


+/+ 

+/+ 

-/+ 
+ /+ 

- /+ 

- /+ 

- /+ 


M. bovis BCG 


Japanese 
Copenhagen 


NMcclne Strain * 


+/+ 



a- DrKathlMnEiMnach.Urivareiiyof ArkaiBoa.UGA 

b- Dr. C ivl.Parafnasivan.TuberculosiB Research Cenlre. Chennai. India 

c- Or.Vi«4Katoch.JALMA.Agra.hdia 

6- Dr,Ji3.A.v«nEmbclen,Nelheriands 

»• Departmert of P«edlaMes.AON/@. New 0«N. India 
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Table .IV: Results of the Direct PGR assay cairiedout 

with Sovlne Samples 



Samples 



Lymph Gland Biopsy 
Blood (Heparinsed) 
Phaiyngeal Swab 
Faeees 

Reecai Pineh 
Mik 



Total Teat«d 



Detection ofMtb Complex by tAje PGR 
Assay 



Number Tested 



89 
89 
89 
89 
89 
89 



534 



NumberPosmv Percent 



21 
01 
02 
02 
03 
11 



40 



23.6 

01.1 

022 

02.2 

03.4 

12^ 



07.5 



2ll»?fa?Ji?«?*^"«r?^'*^ ^ appropriate for the PGR based 

fouS k! ^J*"? wSI^"* tuberculosis: Lymph Gland Biopay and MHk ware 
B.o!'st^J'sl&:£Lf''' "^""^ test p value < 0.05 atslfln&cSnce le"l!;l[ ^ 
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Table V : Comparative Analysis Of Ciffiieal 
&AFB Status of Cattle With Direct 
PCR Results 



GUnleaf Status 


Number PosMve For 


Category 


N urn bar 


Acid 

PastBacilH 




A 


17 


13 


07 


B 


12 


NH 


Nil 


C 


20 


12 


09 


D 


20 


05 


08 


E 


20 


Nii 


02 


Total 


89 


30 
(33.7%) 


26 
(29.2%) 



A - Tuberculin PoslHve with Clinical Signs of Tubeicutosis 
B • Tuberculin Positive. Appeffenfiy lieaHhy Anknai 
C - Tuberculin Negath^e with CInical Signs of Tubereuiosis 
D - Tuberculin Negative Apparently heaHhy Animal 
E - Animal infected with non-mycc^derial infisclion 

Among (he clinical categories of animals investigated, bovine tubereuiosis was 

^ non^nycobacteriai micro-organisms 
i A P' S«"™P»?<* to an other categories <p<0.06. (Chi square test p value 
-c 0.05 at signiUcance level, SAS 8.0. Siailsllcai Soflwa») 
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Table VI: Nested PGR based kJentmcatlon of Pathogenic 
IMyeobacterla In Cattle Derived Samples. 



Samples" 


N- PGR based Identification of° 




MMbercuIosis 


MJmvis 


Lymph Gland 


IS 


18 


Biopsy 




Blood° 


14 


14 


Milk 




26 


Total Test9d 


55 


58 


192 




(30.2%) 



a- 64 Sanples tested in each cat^oiy 

b- Nested PCRfor tbe C tenmnalf^on of ihQ hup B gene 

c- Citmtdd Blood 
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Table VII : Con^arative Ana^sis Of Cfinical 

& AFB Status of Cattle Wtth Nested 
PGR Results 



Clinical Status 


NumbarPositivB For 


Category 


Number 


Acid 

Fast Bacilli 


N-PCR 


A 


20 


09 


19 


B 


17 


03 


16 


C 


09 


03 


08 


0 


10 


Nil 


07 


E 


08 


Ni 


07 


Total 


64 


IS 
(23.4%) 


57 
(B9.0%) 







A - Tuberculin Pos^wtth Clinical Signs of Tuberculoste 

B - Tuberculin PosSve. Apparently healthy Anfenal 
C - Tuberculin Negative vvith Clinical Signs of Tuberculosis 
D - Tuberculin Negative Apparently healthy Animal 
E - Animal infected wWi noiHnycobacterlai infection 



-22- 



Table VHI: Comparison of Bacterfological and PCR-RFLP 
/Nested -PGR based Identfflcatlon of 
mycobacterial Isolates derived from cattle 



loennncaBon of Cattle Dertved Mycobacterial liSiitei 1 




Classical 
CrilBifa 


PGR Based 
M.iubetcutoais 


IdenOteiion 
M.bovis 


173 


M.bovi9 


. +. ! 




315 


M,tuben:utosis 


+ 




262 


M.tovia 






95 


M.bovis 




4- 


101 


M.tovis 




+ 


113 


M.bovis 






155 


M,bovla 






28 








36 






+ 


33 














+ 
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We Claim: 



1. Identification of kupB gene encoding histone like protein of M. 
tuberculosis and M. bovis, a target for detection of M.tubercuhsis 
md M. bovis. 

2. A process for differentiating of the kupB gene ofM. tuberculosis and 
M. bovis. 

3. A process as claimed in claim 2 wherein the step of differentiation 
consists in determining the smaller size of the amplicon obtained 
from M. bovis, 

4. A process as claimed in claim 3 wherein the step of determining 
consists in the detection of PCR amplicon in M. bovis. 

5. A process as claimed in claim 4 wherein said detection was 27 bp 
corresponding to 9 amino acids. 

6. A process as claimed in claim 4 wherem the detection of PCR 
amplicon in M .bovis was 618 bp. 

7. A process as claimed in claim 6 wherem M. bovis was 27 bp smaller 
tiian that of M. tuberculosis. 

8. A process as claimed in claim 3, wherein Ae step of determining 
comprising designing a set of primers to amplify the C-terminal part 
of the said gene extracted from M. tuberculosis and M. bovis to 
obtain PCR amplified product; analyzmg and validating the size of 
amplicons and sequencing the said PCR product. 

9. hupB gene as claimed in claim 1 substantially as herein described. 

10. A process as in the precedmg claims substantially as herein 
described. 
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PiAnera N&SafnpliRcafonpfDducte 
-645 bp in Af tubomOosb, (lanes 1 A 4 ) 
-618 bp in Af. teyxs, ( lanes 2 & 5 ) 
- 100 bp Mol. wL marker ( lane 3 ) 




PtfiMTi M&S amplification' products 
• 318 bp in Af. ttiteirct/Aosxs. (lanes 6 & 10) 
-201 bpin Al. I>0M5.( ianes7& 9) 
-lOObp Mol. wl. marker (Lane 8) 



116 lip 
89 bp 




PrtniM* F & R amplification products 

- 116 bp in Af. tuberculosis, (lanes 13) 

- 89 bp in Af. bovis , ( lanes 11.12.15,16.17 ) 

-lOObp Mol. wl . marker ( Lane 14) 
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Mtb 369GACAAAGGCC GCCAAGAAG GCG GCC ACCAAG CCG CCCCCCAGG AAGGCGG 41»f«S h 

S^SJ^tSSSSSSSt^S''^*^ GCCACCAAG GCG CCcS^ciSG^lSSaS ^ 

^pL33 GACAAAGGCC GCCAAG^. ,.,„■■.,. ~ A Atu-e-t^ 

§C380 GACAAAGGCC GCCAAG. i ... AACCrcr 

*^€L1 GACAAAGGCC GCCAAG ... AAnfiTK? 

GACAAAGGCC GCCAAG "aaSSSbq 

.^10 GACAAAGGCC GCCAAG AAM^fiC 

CL3 GACAAAGGCC GCCAAG . * ~AACCcS^ 

IC3M GACAAAGGCC GCCAAG Zl^CGCCC 

CL4 GACAAAGGCC GCCAAG ] *"* aAGGCGG 

CL» . ACAAAGGCC GCCAAG .. .™!*!!!!!!!!JJZ"*AA^ScC 

^hSr* ^^^^^^^^^^^^^ -AAGGCGG 391 (618 bp) 
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